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Neuralgia and unilateral rashes along the dermatome are typical clinical symptoms of herpes zoster (HZ). When neuralgia persists for more than 3 months, it is called postherpetic neuralgia (PHN). HZ is caused by the reactivation of the varicella zoster virus (VZV) that has remained latent in the dorsal root ganglion after initial infection. Reactivation of the VZV is associated with a reduction in cell-mediated immunity (1) .
Underlying factors such as diabetes, cancer, surgery, organ transplantation, stress, and negative life events have all been indicated to be HZ risk factors in previous clinical studies (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Psychosocial stress has been associated with increased levels of corticosterone in the blood, via the hypothalamic-pituitaryadrenal axis (15) . The exposure to stress or corticosterone during infection with herpes simplex virus suppresses the CD8+ T cell immune response (16) , which was found to increase the risk of developing HZ (17) (18) (19) . In 2008, we conducted the Shozu Herpes Zoster (SHEZ) Study in Shozu County of Kagawa Prefecture, which was a 3-year prospective cohort study to investigate the incidence and pathogenesis of HZ and PHN (20) . Results of the study confirmed that individuals with lower VZV-specific cell-mediated immunity (<5 mm skin test with varicella antigen Biken (The Research Foundation for Microbial Diseases of Osaka University, Kagawa, Japan)) were 3.6 times more likely to develop HZ than those with higher immunity (skin test with varicella antigen Biken ≥5 mm) (21) (22) (23) .
However, to our knowledge, there have been no reports describing the relationship between psychosocial factors and the incidence of HZ and PHN in a prospective cohort study in Japan. In this report, we specifically investigated the relationship between psychosocial factors (e.g. perceived mental stress, sense of purpose in life, and negative life events) and the risk of incident HZ and PHN.
METHODS

Study subjects and data collection
We used data from the SHEZ Study, the concept and details of which have been described previously (20) , and are briefly summarized here. The SHEZ Study began studying Japanese residents 50 years of age or older as of October 1, 2008 , and the recruitment was conducted between December 2008 and November 2009 in Shozu County (Shodoshima Island and Teshima Island), Kagawa Prefecture. A total of 12,522 participants (5,587 men and 6,935 women) aged 50-103 years old at baseline were followed for 3 years.
Among the total 12,522 participants, we analyzed data from 12,359 participants (5,509 men and 6,850 women) who responded to the self-completed health questionnaire. The health questionnaire consisted of questions about underlying diseases, exercise habits, lifestyle habits such as smoking and drinking, as well as psychosocial factors such as perceived mental stress, sense of purpose in life, and negative life events.
Responses to perceived mental stress and sense of purpose in life were classified as very high, high, moderate, and low. We used the questionnaire for perceived mental stress used in a previous cohort study, which showed that perceived mental stress was associated with mortality from cardiovascular disease (24) . We also used the questionnaire for sense of purpose in life to analyze psychosocial and behavioral factors among the elderly (25) . Questions about negative life events within the past year included 1) changes in work and living environments, 2) changes in human relations, and 3) distress over economic issues, with possible responses of "Yes" and "No." Follow-up When participants presented with symptoms suggestive of HZ during a follow-up survey, we conducted a clinical examination, a blood test to measure immunological response, a polymerase chain reaction test to screen for the VZV gene, and a modified Zoster Brief Pain Inventory survey form to evaluate acute and chronic pains due to HZ (26) . A clinical evaluation panel of 3 research dermatologists then established the accurate diagnoses of HZ and PHN.
The diagnosis of HZ was made according to the following criteria: 1) detection of VZV DNA, 2) rash typical of HZ (pale edematous erythema or vesicles distributed in aggregates along the nerves), 3) persistent pain, and 4) a shift in VZV-specific immunity. Subjects who met the first criterion were diagnosed with HZ. When VZV DNA was not detected in subjects who met any of the other criteria, diagnosis of HZ was assessed by the clinical evaluation panel. The diagnosis of PHN was given to subjects who met any of the following 3 criteria: 1) persistent pain for 3 months or more, 2) physician diagnosis of PHN 3 months after disease onset, and 3) self-reported pain in the rash area 3 months or more after disease onset. 
Statistical analysis
To analyze the association between psychosocial factors (perceived mental stress, sense of purpose in life, and experiences of negative life events) with the risks of incident HZ and PHN, we calculated the incidences of HZ and PHN for each category using the person-year method. Perceived mental stress was categorized into 3 groups according to subject response (very high and high, moderate, low). Sense of purpose in life was categorized into 2 groups according to subject response (very high and high, moderate and low).
Cox regression was used to analyze and estimate hazard ratios. In multivariate analyses for HZ incidence, we adjusted for age, sex, histories of HZ, cancer, and diabetes, as well as smoking and drinking habits. Because PHN development may be affected by the timing of treatment initiation (27, 28) , we added the time (days) from disease onset to treatment as a confounding variable. For 5 patients who did not remember their date of onset, we assigned the median of the time from onset to treatment (5 days for both sexes). Statistical tests were 2-sided, and values of P < 0.05 and P < 0.01 were considered to be borderline statistically significant and statistically significant, respectively.
In a study subsample of 356 participants, we conducted the health questionnaire every year. We calculated the Cohen's weighted κ coefficient to assess test-retest reliability of responses to questions about perceived mental stress and sense of purpose in life. All analyses were performed using SAS, University Edition (SAS Institute, Inc., Cary, North Carolina). Tables 1 and 2 show cross-tabulations of the sex-specific baseline characteristics of study subjects according to perceived mental stress, sense of purpose in life, and negative life events. History of HZ and history of cancer were positively associated with perceived mental stress for women, but not for men. History of diabetes was not associated with perceived mental stress for either sex. Current smoking was positively associated with perceived mental stress for men; 37.1% of male current smokers reported very high perceived mental stress, compared to 30.7% who reported low stress. A similar trend was suggested for women. Current drinking was not consistently associated with perceived mental stress for either sex.
RESULTS
History of HZ and history of cancer were not associated with differences in the sense of purpose in life for either sex. There were more male subjects with a history of diabetes in the subgroup with a low sense of purpose in life compared with other subgroups (21.2% versus 11.3%-12.9%), but this difference was not observed in women. Current smoking was generally inversely associated with sense of purpose in life for both sexes. Subjects of both sexes in the subgroup with low sense of purpose in life reported lower levels of current drinking compared with other subgroups (41.4% versus 62.3%-68.7% for men, 6.4% versus 20.8%-24.3% for women). Men with negative life events reported lower history of HZ and higher history of cancer than those without, but this trend was not observed in women. History of diabetes was not associated with negative life events for either sex. Current smoking and current drinking habits were more frequent in both sexes with negative life events than in those without. Table 3 indicates the sex-specific hazard ratios and confidence intervals of incident HZ and PHN according to perceived mental stress. Perceived mental stress was not associated with the incidence of HZ or PHN for total subjects (Web Table 1 , available at https://academic.oup.com/aje). However, men who had very high levels of perceived mental stress showed double the risk of HZ compared with those who had low levels of stress (multivariable hazard ratio (HR) = 2.22, 95% confidence interval (CI): 1.05, 4.66). For women, such a trend was not observed. Men who reported very high and high levels of perceived mental stress showed a lower risk of PHN compared with those who reported low levels of stress (multivariable HR = 0.25, 95% CI: 0.05, 1.22; P = 0.09). This marginal trend was not observed in women, nor in total subjects as a whole.
The sex-specific hazard ratios of incident HZ and PHN, according to sense of purpose in life, are shown in Table 4 . Sense of purpose in life was inversely associated with the incidence of HZ, but not of PHN, in total subjects (Web Table 1 ). Subjects who had very high levels of sense of purpose in life showed a lower risk of HZ compared with those who had low levels in total subjects (multivariable HR = 0.38, 95% CI: 0.18, 0.77), men (HR = 0.40, 95% CI: 0.13, 1.23), and women (HR = 0.36, 95% CI: 0.14, 0.90). Similarly, among total subjects, those who had moderate levels of sense of purpose in life displayed a lower risk of HZ (multivariable HR = 0.54, 95% CI: 0.30, 0.96). Women who had very high and high levels of sense of purpose in life were at twice the risk of incident PHN compared with those who had low and moderate levels (multivariable HR = 2.08, 95% CI: 0.99, 4.37; P = 0.05). Such a trend was not observed in men.
The sex-specific hazard ratios of incident HZ and PHN, according to experience of negative life events, are shown in Table 5 . Negative life events were not associated with the incidence of HZ for total subjects (Web Table 1 ), neither in men nor women. They were associated with the incidence of PHN in total subjects, primarily in women. In total subjects, those who experienced negative life events within the past year showed twice the risk of PHN for total negative life events (multivariable HR = 2.15, 95% CI: 1.33, 3.47), changes in work and living environments (HR = 2.13, 95% CI: 1.08, 4.20), and changes in human relations (HR = 1.73, 95% CI: 1.04, 2.87). Similar and significant associations were observed for women, while similar but nonsignificant trends were observed for men, albeit with no association with changes in work and living environments.
Among total subjects, those who experienced more than 1 negative life event (HR = 2.59, 95% CI: 0.93, 7.21) showed a higher risk of incident PHN than for 1 negative life event (multivariable HR = 2.11, 95% CI: 1.29, 3.44) (Web Table 1 ). A similar association was observed in both sexes, but was statistically significant only in women.
The Cohen's κ coefficients for perceived mental stress were 0.48, 0.40, and 0.36 between baseline and 1, 2, and 3 years later, respectively. The corresponding Cohen's κ coefficients for sense of purpose in life were 0.41, 0.44, and 0.36, respectively. Abbreviations: CI, confidence interval; HR, hazard ratio; HZ, herpes zoster; PHN, postherpetic neuralgia. a Adjusted for age, histories of HZ, cancer, and diabetes, smoking and drinking habits, as well as sense of purpose in life and negative life events; additionally adjusted for the time from onset to treatment for PHN incidence. b P < 0.05. c The low and moderate categories were combined for PHN incidence. d The high and very high categories were combined for PHN incidence. 
DISCUSSION
To our best knowledge, this is the first population-based prospective cohort study to examine the association of perceived mental stress, sense of purpose in life, and negative life events with the risks of incident HZ and PHN. We found that perceived mental stress was associated with twice the risk of HZ in men, whereas sense of purpose in life was associated with an approximate 60% lower risk of HZ in both men and women. Experiences of negative life events were associated with twice the risk of PHN in all subjects. Our results were in accordance with those from previous clinical and experimental studies (15, 16) , in which mental stress and its associated psychosocial factors were linked with cell-mediated immunity, as well as the risk of HZ.
A case-control study in North Carolina examined the association of stressful life events (as measured by recent negative life events and changes in spousal relationships, such as death of a spouse, divorce, marital separation, or marriage) with the risk of HZ (11) . Subjects consisted of 101 individuals with HZ aged 50 years or older and 101 controls matched for the variables of age, sex, and race. In that study, subjects with HZ experienced negative life events more often than controls at 2 months (HR = 2.60, 95% CI: 1.13, 6.27), 3 months (HR = 2.64, 95% CI: 1.20, 6.04), and 6 months (HR = 2.00, 95% CI: 1.04, 3.93) before the HZ episode. On the other hand, changes in spousal relationships were not associated with the risk of HZ.
A self-controlled case series study in Atlanta, using data from 39,811 individuals aged 30 years or older, examined the association of stressful events (such as spousal death and catastrophic health events) with the risk of HZ (12) . The study examined the risk of HZ during a 3-month risk period (1-90 days following the stressor) versus that during a 3-month control period (120-31 days preceding the stressor). In that study, the experience of stressful events was not associated with an increased risk of HZ.
A population-based cohort study in North Carolina, conducted between 1986-1987, 1989-1990, and 1992-1994 in approximately 2,500-4,000 participants aged 65 years or older, examined the correlation between acute and chronic psychological stress with the risk of HZ (13, 14) . Psychological stress was measured by negative life events and lack of social support factors, such as marital status, presence of confidants, perceived adequacy of social support, as well as results from the Social Network Scale and the Social Interaction Scale. Negative life events were not associated with an increased risk of HZ after controlling for age, sex, education, cancer, chronic diseases, activities of daily living, depression, self-rated health, hospitalization, and cigarette smoking (adjusted relative risk = 1.20, 95% CI: 0.85, 1.67). The presence of a confidant, an indicator of social support, was inversely associated with the risk of HZ (adjusted relative risk = 0.52, 95% CI: 0.27, 0.99). Other psychosocial factors were not associated with the risk of HZ.
We found several unexpected results of borderline statistical significance, such as an inverse association between perceived mental stress and the risk of PHN for men, as well as a positive association between sense of purpose in life and the risk of PHN for women. We do not have sufficient explanations for these results; they could be obtained by chance. Otherwise, the potential contribution of mental stress and sense of purpose in life to incidence of PHN may differ from that of HZ, because PHN is a secondary disorder. Since, to our knowledge, no other studies have examined the association of psychosocial factors with PHN incidence, further investigation is necessary to clarify this issue. Our study is the largest population-based prospective cohort study to examine the associations between psychosocial factors and the risks of HZ and PHN, in which the recall bias was avoided and the generalizability of findings is assured. It is also the first study to find an association between psychosocial factors and the risk of PHN.
One limitation of our study is the reliability of the questionnaire on psychosocial variables, calculated as a weighted κ coefficient for responses to perceived mental stress and sense of purpose in life. The κ coefficients were between 0.36 and 0.48 for perceived mental stress, and between 0.36 and 0.44 for sense of purpose in life, implying that the reliability for 3 psychosocial variables was regarded as moderate.
An HZ vaccine was licensed by the US Food and Drug Administration in 2006, and was recommended for the prevention of HZ and PHN among adults aged 60 years or older by the Advisory Committee on Immunization Practices in 2008 (29) . In Japan, Dr. Michiaki Takahashi successfully developed the first live attenuated varicella vaccine in the world in 1986, which has been used to prevent chickenpox among children aged 1 year and older since 1987. In March 2016, the use of the varicella vaccine was approved for the prevention of HZ among adults aged 50 years or older (30) . Although vaccination is recommended for prevention of HZ, findings from our large population-based prospective cohort study suggest the importance of psychosocial management for the prevention and control of HZ and PHN.
